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Abstract 
The DemoCLOCK (Demonstration of a cost effective medium size Chemical Looping Combustion through 
packed beds using solid hydrocarbons as fuel for power production with CO2 capture) project is co-financed by the 
European Commission and is being developed by a consortium of 11 partners from 7 European countries. The objec-
tive of the project is to demonstrate the technical, economic and environmental feasibility for implementing packed 
bed based high temperature and high pressure chemical looping combustion in large-scale power plants. 
The aim of this paper is to present the preliminary results of a process simulation study of Integrated Gasification 
Chemical Looping Combustion (IG-CLC) plants, based on packed bed CLC reactors. The performance of complete 
IG-CLC power plants, including the coal gasification system, the CLC process and the power island, are predicted. 
Two configurations are addressed. In the first one, a gas-steam combined cycle is used, where the high temperature 
O2-depleted stream produced by a pressurized air reactor is expanded in a gas turbine. In the second option, power is 
generated by an advanced super critical steam cycle. 
The results obtained are reported in the paper and compared to competitive technologies considered by the EBTF 
(European Benchmarking Task Force). The results of the simulations indicate a high potential for this technology, 
with electric efficiencies 2.5 percentage points higher than the competitive IGCC plant with CO2 capture by physical 
absorption and more than 97% of CO2 avoided. 
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1. Introduction 
Chemical looping combustion concept is based on the indirect oxidation of a fuel, by means of a solid 
metal which is alternatively oxidized and reduced by sequential contact with air and a fuel respectively. 
Thus, the solid metal, easily separable from the gaseous stream, behaves as an oxygen carrier, taking ox-
ygen in an air reactor (AR) and releasing it by oxidizing a fuel in a fuel reactor (FR). While the metal ox-
idation reaction (1) is always exothermic for the chemical species investigated in the literature, its reduc-
tion (2) can either be exothermic or endothermic, depending on the metal and the fuel involved. 
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In all the cases, the heat generated by the overall reaction (1+2) is equal to the heat of combustion of 
the fuel and the output of the process is the two high temperature (800-1200°C) gaseous streams exiting 
the reactors. The AR produces an O2-depleted air stream, while the FR generates a CO2/H2O-based flow 
undiluted with N2, which can be sent to permanent storage after cooling, water condensation and com-
pression. On the whole, the stream from the FR is equivalent to the fuel oxy-combustion products, with-
out the need of parasitic consumptions for cryogenic O2 production. In addition neither oxidant excess nor 
N2 and Ar will dilute the FR exhausts, simplifying the CO2 purification unit. 
In the literature, power production from Chemical Looping Combustion (CLC) systems have been 
mostly studied with regards to interconnected fluidized bed reactors fed by natural gas. Fluidized beds 
have a number of favourable features for the application in CLC processes, namely: (i) good gas-particle 
contact, (ii) high gas throughput allowing for compact reactors, (iii) good temperature control with uni-
form temperature within the reactor due to the vigorous particle mixing, (iv) continuous operations with 
time-independent temperature and composition of the product gases. In addition, there is a large industrial 
experience coming from Fluidized Bed combustion of solid fuels as well as Fluidized Catalytic Cracking 
(FCC) of hydrocarbons. For these reasons, it has been possible to build several lab-scale experimental set-
ups, which collected about 4000 h of operations [1,2]. The success from these small scale pilot installa-
tions has gained the interest of companies for the first large scale (~10 MWth) demonstration installations, 
aimed at commercial applications for steam generation [3-7]. In addition, a growing research activity is 
currently on going to demonstrate the direct application of the CLC process for coal oxidation [1]. 
Differently from steam generation applications, where atmospheric fluidized beds with internal cool-
ing can be competitive, in applications for power generation from gaseous fuels, CLC process needs to 
operate at high pressure (>15 bar), in configurations where the stream from the air reactor is expanded in 
a turbine. This configuration could in principle lead to interesting net electric efficiencies, higher than 
those achieved by other CO2 capture strategies. However this poses two major technical challenges: (i) 
the operation of interconnected fluidized beds at high pressure has not been proven yet and poses tech-
nical difficulties to maintain a stable solid circulation between the reactors; (ii) some elutriation of solid 
material from the reactors must be expected, due to the limited separation efficiency of cyclones and a 
high temperature-high pressure-high efficiency filtration unit is needed before the expansion of the air re-
actor off gases, to prevent catastrophic damages to the turbine. 
An alternative option which does not suffer high pressure operations and particle separation is the 
packed beds process. With this configuration, the solids are always kept in the same reactor, which is al-
ternatively exposed to reducing and oxidizing conditions by properly switching the inlet gas between air 
and fuel streams [8,9]. However, several technical challenges can also be highlighted for packed bed con-
figuration, namely: (i) the process is intrinsically dynamic and different reactors working in parallel and 
proper operating conditions are needed to produce a continuous stream at constant temperature and flow 
rate suitable to be expanded in a gas turbine; (ii) the process needs a sophisticated system of valves for 
different feeds and outlet gases operating at high temperature; (iii) large temperature gradients within the 
reactors may occur and strategies to avoid overheating or excessive cooling of some parts of the beds 
need to be defined. 
The aim of this paper is to present the preliminary results of a process simulation study of Integrated 
Gasification Chemical Looping Combustion (IG-CLC) plants, where syngas from coal gasification is oxi-
dized in packed bed CLC reactors. Two options are considered for the power island. In the first one, as 
usually considered for natural gas fed CLC plants, a gas-steam combined cycle is employed (IG-CLC-
CC), where the high temperature O2-depleted stream produced by a pressurized air reactor is expanded in 
a gas turbine. In the second option, power is generated by an advanced super critical steam cycle, using 
heat from syngas coolers and from the hot streams generated by a lower pressure CLC process (IG-CLC-
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USC). In both cases, the power plant configurations are highly integrated in order to maximize the con-
version efficiency. 
 
Nomenclature 
AGR  Acid Gas Removal  
ASU  Cryogenic Air Separation Unit 
CC  Combined Cycle 
CLC   Chemical Looping Combustion 
(C)FBR  (Circulating) Fluidized Bed Reactor  
HR  Heat Removal 
HRSG  Heat Recovery Steam Generator 
IGCC  Integrated Gasification Combined Cycle 
LP/IP/HP  Low/Intermediate/High Pressure 
MDEA  Methyl Diethanolamine 
Ox  Oxidation 
PBR  Packed Bed Reactor 
Red  Reduction 
SH/RH  Super-heating/Re-heating 
SPECCA  Specific Primary Energy Consumption for CO2 Avoided 
TIT  Turbine Inlet Temperature 
TOT  Turbine Outlet Temperature 
USC  Ultra Super Critical Steam Cycle 
2. Plant configurations 
Two configurations have been considered: i) high temperature (1200°C) /high pressure (about 20 bar) 
integrated gasification CLC process with gas-steam combined cycle and ii) moderate temperature (800°C) 
/ moderate pressure (1 bar) integrated gasification – CLC process with an Ultra Super Critical (USC) 
steam cycle. Simulation has been carried out by a proprietary computer code (GS) developed by the Ge-
cos group at the Department of Energy at Politecnico di Milano to assess the performance of gas/steam 
cycles, fuel cell systems, chemical reactors, etc… [10]. The plant scheme is reproduced by assembling in 
a coherent network the different components selected in a library containing over 20 basic modules, 
whose models have been previously implemented. Built-in rules allow predicting turbomachines (gas and 
steam turbines, compressors) efficiency as a function of their operating conditions. 
2.1. Gasification Island 
An entrained flow, oxygen-blown, dry-feed Shell-type gasifier, operating at 44 bar and 1560°C, is 
used in the plant. It is a slagging gasifier with membrane walls cooled with 54 bar evaporating water, 
characterized by high carbon conversions and cold gas efficiency (CGE). Coal is pulverized and dried 
with a stream of warm air, heated up to 300°C by means of saturated water from the steam cycle HP 
drum. Syngas composition is calculated by taking into account the effect of chemical reactions occurring 
during syngas quenching, as recently discussed in [11]. 
Oxygen for coal gasification is produced with a purity of 95% in a stand-alone ASU and pumped at 
liquid state to 48 bar. Nitrogen, released at near-atmospheric pressure, is compressed and partly used to 
carry out the purge cycle in the CLC reactors (if required). Pure CO2 is used in lock hoppers instead of 
nitrogen, to avoid excessive nitrogen dilution of the exhaust stream, negatively affecting the purity of CO2 
to storage. CO2 released from lock hoppers is partly recovered, filtered, compressed and sent to the CO2 
treating unit to reduce CO2 emissions. 
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The hot syngas exiting the gasifier is quenched to 900°C with low temperature recycled syngas. The 
molten fly ash entrained by the stream solidifies and syngas is cooled down to 300°C by producing HP 
steam. After dry solids removal, cooled syngas is partly recycled and partly sent to a wet scrubber for the 
removal of the remaining solids and soluble contaminants. Liquid water from the scrubber is clarified in a 
sour water stripper by means of LP steam and then recycled back to the scrubber. Syngas exiting the 
scrubber is heated up to 180°C and sent to a catalytic bed for COS hydrolysis. After low-temperature heat 
recovery, syngas is further cooled and sent to the acid gas removal (AGR) station. Hydrogen sulphide is 
removed by means of a MDEA process, using LP steam for regeneration, and sent to the CLAUS unit for 
sulphur recovery. After leaving the AGR unit, syngas is heated and humidified in a saturator and further 
heated up to 350°C, by means of a HP water loop transferring heat from the syngas coolers. 
The diluted syngas, before being fed to the CLC, is further diluted and heated up by mixing with the 
fuel reactor outlet stream (mainly CO2 and H2O), recirculated by means an ejector. The large H2O content 
helps preventing carbon deposition and iron formation, while the higher reactor inlet temperature im-
proves the kinetics of oxygen carrier reduction. 
The main assumptions for gasification and syngas production are taken from the EBTF document [12] 
and in some cases adjusted according to information from manufacturers. 
2.2. Packed Bed Reactor for CLC 
Packed bed reactors for Chemical Looping Combustion have been recently proposed as an alternative 
to pressurized fluidized bed reactors for the peculiarities to keep solid material stationary and for the rela-
tive simplicity in working with pressurized systems. Since the reactors are dynamically operated, the 
temperature and mass flow rate of the outlet gases are not constant over time. In the present investigation, 
the CLC packed bed system is calculated as 0-D model. However, the assumptions related to the high 
pressure/high temperature system have been verified and calibrated according to calculations performed 
with the 1D model described in [13]. The packed bed reactors operating at moderate tempera-
ture/moderate pressure have not been verified with 1-D model because of the presence of cooled reactors 
(see discussion later) and only the 0-D model is considered for the thermodynamic analysis of the plant 
performance. 
Ilmenite has been selected as oxygen carrier for its low cost and large availability. The maximum 
temperature of the system is reached during the oxidation cycle due to the strongly exothermic reaction. 
The reduction reaction between solid and syngas is slightly endothermic (temperature drop at the reaction 
front is about 10/20°C). Three different stages can be distinguished in a packed bed reactor cycle for 
CLC: 
 Solid Reduction (RED): the oxidized solid is reduced with syngas and a H2O/CO2-rich stream, un-
diluted with N2, is produced; 
 Solid Oxidation (OX): the reduced solid reacts with compressed air and oxidizes the solid materi-
al; oxygen depleted air is produced and then used in the power plant; when the solid contained in 
the reactor is completely converted the OX phase stops. 
 Heat Removal (HR): the heat of reaction, stored in the bed after solid reduction or oxidation, is 
removed by feeding additional air or inert gas and the hot gas produced is used for power produc-
tion. 
2.3. Power Island: High Temperature/ High Pressure Power Cycle (IG-CLC-CC) 
The first option is based on a high temperature/high pressure power cycle (Fig. 1a). This system is 
based on a combined cycle with gas turbine and a bottoming steam cycle. Working fluid and operating 
conditions are unconventional, so the gas turbine is not a commercial machine.  
Air for oxidation cycle is compressed by an air compressor and fed to the OX reactor; N2 at the reac-
tor outlet during oxidation cycle (oxygen is virtually absent, due the stoichiometric oxidation) is cooled 
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down to 450°C and mixed with the main N2 flow rate used for the heat removal cycle. The N2 mass flow 
rate (stream #4) used for the heat removal cycle is the main stream in the power island. Due to the need of 
high N2 mass flow rate, the gas turbine works with N2 as operating fluid and the system is based on a 
semi-closed cycle in which N2 is partly released to the stack and partly cooled to the ambient temperature 
and re-circulated back to the compressor (stream #6). N2 is delivered at 16.4 bar from GT compressor and 
TIT is equal to 1200°C. Gas turbine performance are calculated by a proper simulation model calibrated 
to reproduce the technological level of the state of the art large size, heavy duty, gas turbines with pres-
sure ratio properly optimized: a 1-D model is used for the GT design of each stages with a detailed calcu-
lations of cooling streams and blades geometry as described in [10]. 
The heat recovery steam cycle is calculated by assuming parameters typical of advanced state-of-the-
art combined cycles. It is based on a three pressure levels (144/36/4 bar) steam generation with steam re-
heat. Due to the lower temperature at the gas turbine outlet with respect to a state of the art natural gas 
fired combined cycle (1200°C TIT brings about a 511.7°C TOT), steam cycle integration is carefully set 
up taking into account the 3 main heat sources present in the power plant: (i) syngas cooling is used to 
produce HP superheated steam at 480°C (stream #10); (ii) heat recovery from gas turbine discharge pro-
duces superheated and re-heated steam at 480°C; (iii) outlet gas from reduction cycles of the packed beds 
are mainly used to increase the temperature of SH steam an RH steam (stream #11 and #12) up to 565°C: 
in fact, outlet gas is initially at 1200°C, making available high temperature heat, properly used to obtain 
the maximum possible steam cycle temperature, in order to increase efficiency. 
CO2 for storage is derived by condensing water for the stream exiting the reduction reactor. Because 
of the high CO2 purity attained in the CLC loop (over 97%), the stream is sent to storage without addi-
tional removal of incondensable species and just a dehydration to 30-50 ppm is necessary to comply with 
specifications of CO2 storage. 
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Fig. 1 simplified plant layouts: (a) CLC plant based on combined cycle; (b) CLC plant based on USC steam cycle 
2.4. Moderate Temperature/Moderate Pressure Power Cycle (IG-CLC-USC) 
The second plant is based on an advanced steam cycle (Fig. 1b). Steam is produced at supercritical 
conditions (320 bar and 600°C) and fed to the steam turbine (stream #7). The re-heat takes place at 60 bar 
and 620°C (stream #8) to increase steam cycle performance. After condensation, pre-heaters are used to 
increase water temperature up to 300°C before the economizer. Two different SH sections are considered: 
LT-SH in which steam is heated up to 450°C (i.e. syngas coolers) and HT-SH to complete the super-
heating from 450°C to 600°C. 
Fresh air (stream #1) is slightly pressurized (1.30 bar) with a blower and preheated to 400°C with a 
Ljungstrom-type regenerative heat exchanger, recovering low temperature heat from O2-depleted air exit-
ing the boiler (stream #4). After H2S removal, fuel stream is pre-heated to 330°C, expanded to about 
2.5 bar, saturated with water and mixed with the oxidized gas from the RED stage, recycled by an ejector, 
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in order to increase the feed temperature (fuel is fed at the reactor at 636°C). One important difference 
between this plant and the previous one is that, here, reactors are assumed to be cooled, producing SH and 
RH steam. Despite challenging control and operations can be anticipated, the adoption of adiabatic reac-
tors would lead to unacceptably large reactor cross sections and footprint. As a matter of facts, the lower 
air pressure and ǻT along the air reactor would lead to extremely high volume flow rates in an adiabatic 
reactor and consequently high footprints. In this layout the heat removal phase is not considered since the 
reactor is not adiabatic and the heat of reaction is removed by producing high temperature steam during 
the reduction and oxidation phases. 
3. Results 
The main streams properties for the system considered are presented in Tab. 1. The energy balance 
and performance comparison are listed in Tab. 2, where the CLC systems described are compared to an 
advanced state of the art IGCC without CO2 capture, as well as to an IGCC with CO2 capture by physical 
absorption (Selexol® process). 
Tab. 1 Properties of the main streams of the plants shown in Fig. 2: (a) CLC plant based on combined cycle; (b) CLC plant based on 
USC steam cycle 
(a)  T P flowrate gas composition (% vol) 
stream n° °C bar kg/s Ar CO CO2 H2 H2O H2S N2 O2 
coal                             33.44     dried coal Douglas %wt, 69.5 C, 0.9 S, 1.6 N, 4.3 H, 8.0 O, 2.0 H2O, 13.7 Ash 
1 404.8 16.8 185.8 0.92 - 0.03 - 1.03 - 77.28 20.73 
2 750.0 16.3 143.1 1.16 - 0.04 - 1.31 - 97.50 - 
3 436.2 16.8 442.4 1.16 - 0.04 - 1.31 - 97.50 - 
4 1200 15.6 585.4 1.16 - 0.04 - 1.31 - 97.50 - 
5 503.2 1.04 653.3 1.16 - 0.04 - 1.31 - 97.50 - 
6 25.0 0.97 510.2 1.16 - 0.04 - 1.31 - 97.50 - 
7 900.0 44.0 129.1 0.97 57.07 8.61 24.34 7.57 0.18 1.26 - 
8 518.3 17.0 154.2 0.97 33.55 31.70 14.33 18.20 - 1.26 - 
9 1200 16.5 119.9 0.97 0.11 65.16 0.02 32.48 - 1.26 - 
10 480.0 133.9 62.31 - - - - 100 - - - 
11 565.0 133.9 160.0 - - - - 100 - - - 
12 559.2 29.5 165.8 - - - - 100 - - - 
(b) T P flowrate gas composition (% vol) 
stream n° °C bar kg/s Ar CO CO2 H2 H2O H2S N2 O2 
1 15.0 1.01 190.9 0.92 - 0.03 - 1.03 - 77.28 20.73 
2 400.0 1.30 190.9 0.92 - 0.03 - 1.03 - 77.28 20.73 
3 800.0 1.30 149.9 1.14 - 0.04 - 1.29 - 96.03 1.5 
4 63.2 1.20 149.9 1.14 - 0.04 - 1.29 - 96.03 1.5 
5 450.0 320.0 60.6 - - - - 100 - - - 
6 600.0 290.0 187.2 - - - - 100 - - - 
7 592.0 290.0 299.2 - - - - 100 - - - 
8 620.0 54.7 250.0 - - - - 100 - - - 
9 306.0 320.0 296.1 - - - - 100 - - - 
10 636.0 1.30 238.4 0.83 23.93 37.59 7.83 28.77 - 1.06 - 
 
The main effect of using CLC (especially for pressurized system) is the lower power consumption for 
CO2 separation: the high CO2 purity and its high pressure reduce the penalty efficiency if compared with 
an IGCC with CO2 capture using physical absorption. The same result is shown also for CLC at atmos-
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pheric pressure in which power for CO2 compression is partly compensated by the electric power generat-
ed by the syngas expander.  
For the IG-CLC-CC plant, the gas turbine power production is significantly lower than in the refer-
ence IGCCs. The first reason is the different mass balance of the gas turbine, which expands a lower mass 
flow rate than the compressed one, the difference being the O2 lost by reacting with the oxygen carrier. 
The second reason is the lower TIT, roughly corresponding to the maximum temperature allowed by the 
CLC oxygen carrier (1200°C), compared to 1360°C of the reference IGCC. Such a TIT, higher than of-
fered today by manufacturers for hydrogen-rich fuels, is representative of a long-term scenario, which 
seems reasonable in a future carbon-constrained world, when a larger market for H2-fired combustion tur-
bines will justify the development of high performance machines for H2-based fuels. The adoption of a 
TIT of about 1250°C, in line with values currently offered on the market for syngas and H2-fired gas tur-
bines, would reduce the efficiency of the IGCCs by 2-4 percentage points. 
Even in the IG-CLC-CC plant, most of the power is produced by the steam turbine (about 60% of the 
gross power). This value shows the importance of adopting an advanced heat recovery system, especially 
from the CO2-rich gas from the CLC system and from the syngas coolers. 
As for the electric consumption of auxiliaries, the main differences between the two CLC cases are re-
lated to CO2 separation and compression. A large consumption is associated to CO2 compression in the 
IG-CLC-USC case, since CO2 is available from the CLC process at nearly atmospheric pressure. Howev-
er, as already noted, such a high consumption is partly compensated by the power produced by the syngas 
expander, which reduces the net consumption of these units to values very similar to the IG-CLC-CC 
case. On the whole, it can be noted that a large advantage of the CLC-based systems over the competitive 
IGCC with CO2 capture is related to the low parasitic consumption for CO2 treatment and compression. 
Tab. 2 Energy balance and comparison with reference technologies 
Power balance, MWe IG-CLC IG-CLC-USC IGCC IGCC+Selexol 
Gas Turbine Cycle, MWe 174.6 - 312.5 322.5 
Steam Cycle, MWe 249.0 398.3 191.3 179.7 
Gasification (ASU+LHs+Aux.*), MWe -38.5 -41.6 -45.4 -52.1 
AGR + CO2 compression , MWe -17.7 -37.5 -0.4 -39.3 
Packed Bed Reactors Aux., MWe -3.1 -5.8 - - 
Syngas expander, MWe - 22.1 - - 
N2 to GT compression,MWe - - -34.6 -20.4 
Other Aux., MWe -5.9 -4.6 -2.5 -3.3 
Net Power, MWe 358.4 331.0 421.0 387.1 
Thermal Input, MWLHV 896.5 896.5 896.5 1033.1 
Net efficiency, %LHV 39.98 36.92 47.16 37.47 
CO2 emission, kg/MWhe 18.13 19.63 731.49 94.76 
CO2  avoided, % 97.52 97.32 - 87.05 
SPECCA, MJLHV/kgCO2 1.92 2.97 - 3.10 
Max. heat input to CLC plan area**, MWLHV_coal/m2 5.7 2.0 - - 
* coal milling, ash handling, recycling syngas blower, etc… 
** assuming superficial gas velocity equal to 1 m/s 
 
As a result of the energy balance, the IG-CLC-CC shows a net electric efficiency 1.5 percentage 
points higher than the IGCC with CO2 capture by physical absorption and a penalty of 7.2 percentage 
points with respect to the IGCC without CO2 capture. The IG-CLC-USC net electric efficiency is instead 
0.5 percentage points lower than then reference IGCC with CO2 capture and 10.2 percentage points lower 
than the one without capture. Due to the intrinsic and effective CO2 separation, both CLC systems show 
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very low specific emissions if compared with physical absorption-based system (97% vs. 87% lower than 
the reference IGCC). 
In order to merge the results on electric efficiency and specific emissions, the specific primary energy 
consumption for CO2 avoided (SPECCA) has been calculated by eq.3: 
 
ܵܲܧܥܥܣ ൌ ൣ͵͸ͲͲ ൈ ሺͳ ߟ െ ͳ ߟ௥௘௙ሻΤΤ ሺܧ௥௘௙ െ ܧሻΤ ൧      (3) 
 
where Ș is the net electric efficiency and E is the CO2 specific emission (kgCO2/MWhel) of the system with 
CO2 capture, while subscript (ref) refers to the IGCC without CO2 capture.  
Finally, the footprint of the CLC system was also estimated, by considering a maximum superficial ve-
locity of the gas streams of 1 m/s and the minimum theoretical number of reactors operating in parallel 
(i.e. two and three reactors for the IG-CLC-USC and the IG-CLC-CC respectively). The results show 
quite low heat inputs to plan area (i.e. high footprints per MWLHV,coal entering the plant) of 2 MW/m2 for 
the IG-CLC-USC plant, which would be much lower if reactors were adiabatic (0.34 MW/m2). These 
values are considerably lower than the IG-CLC-CC (5.7 MW/m2), whose specific heat input is compara-
ble to a conventional PC-boiler (4-5 MW/m2). This poses doubts on the economic competitiveness of the 
low pressure system, suggesting that at least a slight pressurization (5-10 bar) of the reactors should be 
considered to avoid excessive footprints. 
4. Conclusions 
Two different coal gasification power plants with CO2 capture based on the integration of PBRs for 
CLC have been discussed. Despite PBRs work under continuous transient conditions, setting some chal-
lenges of operability, they can be suitable to work with pressurized system at high temperature such as 
combined cycle, which showed high performance in terms of net electric efficiency (+1.5% points with 
respect to the reference IGCC with CO2 capture) and CO2 capture rate (97.5% of CO2 avoided vs. 87.1%). 
The pressurized systems are very promising and can be competitive in the mid-long term in comparison 
with other low-CO2 emission coal-fired power plants. On the other hand, the application of PBRs does 
not seem particularly attractive for the atmospheric pressure CLC systems, because of the very large reac-
tor cross sections (and hence the high investment costs) unless cooled reactors are adopted. Therefore, 
fluidized bed reactors are certainly preferable for low pressure applications. 
However, IG-CLC-USC technology may represent a possible option to be investigated, if slightly 
pressurized (5-10 bar) reactors are considered. From the thermodynamic point of view, the importance of 
a highly integrated heat recovery steam cycle has been pointed out, in order to obtain high efficiencies. As 
far as gas turbine is concerned, the design of the turbomachines does not appear challenging. Conversely, 
the need of expensive high temperature valves and high temperature-resistant materials for the reactors 
must be verified in order to obtain a competitive cost of electricity. 
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